Segment 7 is considered an unfavorable portion for laparoscopic hepatectomy because of technical difficulties in exposure and controlling bleeding. We compared intermittent Pringle with continuous half-Pringle maneuver in laparoscopic liver resections of tumors in segment 7. A retrospective analysis was conducted in a total of 36 consecutive patients with tumors in segment 7 undergoing laparoscopic liver resections between July 2011 and February 2016 (16 in the Pringle group versus 20 in the halfPringle group). The two groups were well matched in baseline characteristics. The operative time (274.5 ± 34.3 versus 237.6 ± 41.8 min), overall declamping time (28.4 ± 8.6 versus 2.3 ± 2.5 min), and ischemic duration (69.7 ± 16.5 versus 52.7 ± 13.2 min) were significantly longer in the Pringle group (P < 0.05). The amount of intraoperative blood loss (612.5 ± 222.3 versus 417.4 ± 163.8 mL) and transfusion (335.2 ± 58.7 versus 224.8 ± 76.2 mL) was significantly greater in the Pringle group (P < 0.05). The Pringle group was associated with significantly lower postoperative albumin and higher C-reactive protein levels on postoperative days 1, 3, and 7 (P < 0.05). Laparoscopic hepatectomy for tumors in segment 7 can be performed safely and effectively with successful exposure of surgical field and proper hepatic blood flow occlusion. Continuous half-Pringle maneuver offers the advantages of less operative time and blood loss, less injury, and better recovery.
Introduction
Until recently, laparoscopic liver resection of tumors at segment 7 was seen as a relative contraindication. Laparoscopic liver resection for tumors in this location is associated with difficulties in exposing the surgical field and controlling the bleeding. Injury of the large vessels in this area can lead to massive bleeding that is very difficult to control laparoscopically. With improvements in laparoscopic instruments and increasing experience in laparoscopy and liver surgery, more cases of laparoscopic liver resection of tumors in segment 7 with favorable results have recently been reported [1] [2] [3] .
Our department has performed laparoscopic liver surgery since 2008. After learning curve for laparoscopic liver resection, many laparoscopic complex liver resections have been performed in our department [4, 5] . We also approached posteriorly located tumors especially those in segment 7. Some useful techniques have been developed for the laparoscopic resection of tumors in segment 7 in our department, including using a custom-designed device to provide a better operative field and using continuous hemihepatic vascular inflow occlusion via an extra-Glissonian approach (half-Pringle maneuver) to perform a safer parenchymal transaction [5] . We herein analyzed our experiences with laparoscopic liver resections of tumors in segment 7 on exposing surgical field and bleeding control.
Materials and Methods
Between July 2011 and February 2016, a total of consecutive 36 patients with tumors locating in segment 7 underwent [6] [7] . Sixteen cases were performed by intermittent Pringle maneuver (the Pringle group), and the other 20 cases were performed by continuous hemihepatic vascular inflow occlusion using extra-Glissonian approach (the halfPringle group). The indications for both the two groups were determined based on the same criteria: (1) elective liver resection; (2) well-compensated chronic liver disease (Child-Pugh class A or B) without signs of severe portal hypertension (esophageal varices ≤ F2); (3) tumors which were located in segment 7; (4) tumor size ≤ 8 cm, and extent of partial hepatectomy was a segmentectomy 7 or bisegmentectomy 6-7; (5) no major vascular involvement; and (6) no concomitant surgical procedures except cholecystectomy. Laparoscopic liver resection has become widely used worldwide due to its minimal invasiveness; however, the most favorable indication is the ≤ 5-cm-diameter solitary tumor in an anterolateral liver segment (2, 3, 4b, 5, and 6). Segment 7 is considered an unfavorable portion for laparoscopic liver resection because of technical difficulties caused by the difficult exposure, limited access, and lack of anatomical landmarks and potential difficulties in controlling bleeding. Recently, laparoscopic hepatectomy for lesions located in segment 7 has been reported by several authors with initial experience [1] [2] [3] .
The preoperative workup consisted of a specified protocol including blood examinations, chest X-ray, spirometry, abdominal ultrasound, and contrast computed tomography scan. In selected cases, esophagogastroduodenoscopy or angiomagnetic resonance imaging was performed. Liver function was assessed by the Child's-Pugh grading. Laboratory blood tests included white blood cell (WBC), platelet (PLT), hemoglobin (HGB), alanine aminotransferase (ALT), aspartate transaminase (AST), albumin (Alb), serum total bilirubin (TBIL), international normalized ration (INR), prothrombin time (PT), HBsAg, antibodies to hepatitis C, serum alphafetoprotein(AFP), carbohydrate antigen 19-9 (CA19-9), carcinoembryonic antigen (CEA), and C-reactive protein (CRP).
All procedures were performed after informed consents were obtained. The data of preoperative clinical characteristics, intraoperative details, postoperative complications, and outcomes were collected prospectively and analyzed retrospectively. This study was approved by the Ethical Committee of the Sichuan Academy of Medical Sciences (Sichuan Provincial People's Hospital), and it followed the ethical guidelines of the 1975 Declaration of Helsinki.
Surgical Procedure
After general anesthesia, the patients were placed in the left semidecubitus position with the right side elevated approximately 30°-45°.Generally, five ports were used. The first trocar (12 mm) was inserted at the right upper umbilicus for placement of a 10-mm 30°laparoscope. Four other trocars were inserted at the subxiphoid position (5 mm), at 5 cm superior to the umbilicus on the midline (12 mm), at 5 cm below the costal margin on the right midclavicular line (12 mm), and at 2 cm below the costal margin on the right axillary line (5 mm).
After placing all trocars successfully, the operating table was tilted slightly to the reverse Trendelenburg position. Exploration of the abdominal cavity was performed routinely. After full mobilization of the right liver, a custom-designed device (a water sac) was placed behind the mobilized right liver. The water sac made by a latex surgical glove was used as a pad to elevate the right liver. After the liver was flipped toward the left anteroinferior direction by the elevating of the water sac, the lesions in segment 7 and the predicted resection lobe (segment) of the liver were successfully exposed at the most convenient site for surgery. Routine intraoperative ultrasound was performed to confirm the extension of the tumor, the number of lesions, and their position in relation to the main hepatic structures. The area to be resected was marked by electrocautery.
For Pringle maneuver, after the avascular lesser omentum was divided, a tape was placed around the entire hepatoduodenal ligament and passed through a 16-Fr hard tube to enable performance of a Pringle maneuver. Both the two ends of the hard tube were connected by a 2-cm soft rubber catheter respectively. The internal end of the tube was close to the pedicle and the external end was extracorporeal. The external end passed through abdominal wall from umbilicus, allowing for easy external occlusion. When clamping, the external rubber catheter together with the tape could be clamped with a pean clamp to prevent gas leakage and tape slipping. Tightening of the tape and clamping of external rubber catheter would result in vascular inflow occlusion. Tightening or loosening of the tape would result in clamping or unclamping of the entire liver. Intermittent vascular occlusion was performed with cycles of 15/5 min of clamp and unclamp times.
For half-Pringle maneuver, the hilar plate was lowered, similar to the open technique as described by Hepp and Couinaud [6] , to expose the confluence of the right and left portal pedicles by lifting the segment 4b of the liver upwards and incising the Glisson's capsule at its base. Without entering the liver substance, a space could be developed by bluntly dissecting between the liver substance and the hilar plate. The right portal pedicle was isolated en bloc and encircled with a tape to enable performance of a half-Pringle maneuver (Fig. 1a) . Similar to the Pringle maneuver, tightening or loosening of the tape would result in clamping or unclamping of the right liver. The half-Pringle maneuver resulted in a visible line of ischemic demarcation along the main liver fissure (Cantlie line) (Fig. 1b) .The hemihepatic vascular occlusion was continuous if the parenchymal transaction time was no more than 60 min, or else 5 min of reperfusion was required.
The parenchymal transection was performed by using the ultrasonic dissector (Harmonic Scalpel; Ethicon EndoSurgery). Intraparenchymal control of the major vessels was obtained with titanium clips, vascular locks, or suturing using prolene sutures. Bipolar electrocoagulation was used for minor bleeding. Linear laparoscopic staplers (Echelon 60 ENDOPATH Stapler, Ethicon Endo-Surgery, LLC, Cincinnati, OH, USA) were used to transect the major vascular structures. A segmentectomy 7 (tumorectomy) was performed for smaller lesions in peripheral locations, while a bisegmentectomy 6-7 (right posterior sectionectomy) was adopted in larger lesions and in those located in the center of the posterior section (Fig. 2) .The tumor was removed from a transverse incision (Pfannenstiel incision) at 3 cm superior to the pubic symphysis. The pneumoperitoneum pressure was induced at a pressure lower than 12 mmHg to reduce the risk of gas embolism, and the central venous pressure was kept below 5 mmHg during liver parenchymal transaction. Patients with unmanageable hemorrhage during laparoscopy were rapidly converted to laparotomy.
For tumors located in the segment 7, we suggested that a segmentectomy 7 (tumorectomy) was adopted for smaller lesions in peripheral locations, while a bisegmentectomy 6-7 (right posterior sectionectomy) was adopted in larger lesions or in those located in the center of the posterior section. During a segmentectomy or tumorectomy for tumors located in the segment 7, the poor operative field resulted in obtaining safe tumor margins and bleeding control [1] . The problem was solved as follows: The patients were placed in the left semidecubitus position with the right side elevated approximately 30°-45°. The operating table was tilted slightly to the reverse Trendelenburg position. A full mobilization of the right liver carried up to the diaphragm was necessary as the first step of the procedure. Then, limited views could be largely overcome by using 30°laparo-scope which could be moved among camera port and the two main working ports. This type of laparoscope allowed us to achieve a superior view of the resection line.
But the difficult access still makes transection of the parenchyma difficult. It is consistent to emphasize that laparoscopic partial hepatectomy is difficult to operate due to the limitation of the surgical area and the operating equipment [7] . Because of the limitations of using straight laparoscopic instruments, the transection line can be curved or angulated. However, resection in segment 7 is still challenging especially when using the conventional instruments. Several authors reported that intercostal trocars could be helpful to easily access the operative field and manipulate the instruments [3] . But the potential of the complications including intercostal vessel bleeding, pneumothorax, and the injury of the lung should be concerned.
Postoperative Management
All patients received the same postoperative care. Postoperative parameters of hepatic damage and recovery, including serum TBIL, ALT, AST, Alb, creatinine, PT, INR, and CRP were measured on postoperative days 1, 3, and 7. Abdominal ultrasound examination was performed on postoperative day 7.
Hepatic insufficiency was defined as a PT value more than 50% of normal and/or serum bilirubin more than 50 μmol/L on postoperative day 7 and/or encephalopathy. Postoperative ascites was defined by an abdominal drainage output more than 500 mL/day, or required treatment. Perioperative mortality was defined as death within 90 days of surgery and death during the same hospital admission of surgery.
Statistical Methods
Results were expressed as mean ± standard deviation and were analyzed by paired-sample t (t′) test. And the x 2 test (with Fig. 1 a The performance of a half-Pringle maneuver. b The Cantlie line of ischemic demarcation along the main liver fissure continuity corrected x 2 if the expected count was < 5) or the Fisher exact test were appropriate for categorical data. All calculations were performed using the SPSS 19.0 statistical software. Results with P value < 0.05(paired-tailed test) were considered statistically significant.
Results
There were no significant differences between the two groups in terms of baseline characteristics, including preoperative clinical characteristics, tumor features, types of liver resection, and histopathology (P > 0.05) ( Table 1 ).All patients were discharged in good condition, without massive hemorrhage, superficial and deep infection, and liver synthetic dysfunction. Of the total 36 cases, 2 were transferred from laparoscopic to open, as a result of uncontrollable bleeding (8.3%) (one in the Pringle group and one in the half-Pringle group). All of the patients underwent R0 resection, without margin invasion in both groups. The tumor-free resection margin was comparable between the two groups of patients (P > 0.05).
The mean operative time (274.5 ± 34.3 versus 237.6 ± 41.8 min, P = 0.0075), overall declamping time (28.4 ± 8.6 versus 2.3 ± 2.5 min, P < 0.05), and ischemic duration (69.7 ± 16.5 versus 52.7 ± 13.2 min, P = 0.0016) were significantly longer in the Pringle group than in the half-Pringle group. The mean amount of intraoperative blood loss was significantly greater in the Pringle group (612.5 ± 222.3 versus 417.4 ± 163.8 mL, P = 0.0046). As a result, there was a significantly greater volume of intraoperative blood transfusion in the Pringle group (335.2 ± 58.7 versus 224.8 ± 76.2 mL, P = 0.0000). In the half-Pringle group, the mean time taken to prepare the hemihepatic vascular inflow occlusion was 14.3 min (range, 7-22 min) ( Table 2) .
Postoperative Complications and Outcomes
In this study, both the two groups had no perioperative mortality. There was no evidence of intraoperative gas embolism in any of the patients. No bile duct injury occurred in either group. Postoperative hospital stay was similar in the two groups (P > 0.05). According to the Clavien-Dindo classification [8] , two complications of postoperative bleeding (one in the Pringle group and one the half-Pringle group) were grade 3, and the other complications of the two groups were grade 1 or grade 2. There were no significant differences in any type of complications and the overall operative morbidity (P > 0.05) ( Table 3) .
The postoperative liver functional status which was reflected by the postoperative changes of albumin, serum bilirubin, transaminase, and INR levels is shown in Table 3 . No significant differences were observed in ALT and AST levels on postoperative days 1, 3, and 7 (P > 0.05). But the Pringle group was associated with significantly lower albumin levels on postoperative days 1, 3, and 7 (P < 0.05).
There were no significant differences in the bilirubin, INR, and creatinine levels between the two groups (P > 0.05).
The postoperative plasma concentration of CRP increased in both groups. The mean CRP levels were significantly higher in the Pringle group than in the half-Pringle group on POD 1 (36.3 ± 7.6 versus 28.4 ± 6.5 mg/L, P = 0.0019), POD 3 (94.9 ± 26.1 versus 76.3 ± 18.3 mg/L, P = 0.0170), and POD 7 (54.7 ± 8.1 versus 43.2 ± 7.7 mg/L, P = 0.0001).
Discussion
Laparoscopic liver resection is safe and may provide improved patient outcomes, compared to the open technique [9] [10] [11] [12] . Long-term results show that oncological benefits of laparoscopic approach are similar to open surgery [12] [13] [14] .
In our study, this difficulty could be largely resolved by a simple and safe technique. After full mobilization of the right liver, we placed a water sac behind the right liver. The water sac was used to elevate the right liver. Because of being lifted by the water sac, the liver could be flipped toward the left anteroinferior direction. The lesions in segment 7 and the predicted resection lobe (segment) of the liver were successfully exposed at the most convenient site for surgery. After adequately flipping the liver toward the left anteroinferior direction, the operative field became closer to the trocar site. It makes laparoscopic resection of this region safer and easier.
After successful exposure of the tumor in segment 7, bleeding remains the major concern during parenchymal transection [8, 15, 16] . Pringle maneuver is a traditional and the most commonly used method to decrease blood loss during parenchymal transection because of its effectiveness and simplicity. However, hemihepatic inflow occlusion has the advantages of no ischemic-reperfusion injury to the remnant liver, avoidance of splanchnic congestion, and better hemodynamic tolerability [17] [18] [19] . The intrahepatic Glissonian approach allows safe en masse control of the portal structures without prolonged dissection [20] . Its association with the half-Pringle maneuver results in less bleeding during parenchymal transection [21, 22] . Note: AST aspartate transaminase, ALT alanine aminotransferase, Alb albumin, TBIL serum total bilirubin, INR international normalized ration, HGB hemoglobin, WBC white blood cell, CRP C-reactive protein
In our study, the mean operative time in the Pringle group was significantly longer. Tranchart [23] reported that in the patients that underwent laparoscopic liver resection for malignancy, operative time was the sole independent predictor of postoperative morbidity. Postoperative complication rate increases by 60% with each additional operative hour during laparoscopic liver resection [23] . Our study showed that the overall declamping time was significantly longer in the Pringle group. When declamping, it was very difficult to control bleeding by compression of the liver parenchyma in laparoscopic contex [24] , which caused the great amount of blood loss in declamping period. Greater amount of blood loss in declamping period ensued in the Pringle group because of a longer overall declamping time. When lesions locate in the right posterior liver, bleeding control is a great challenge to surgeons because of difficult access, difficult suturing for hemostasis, and a large transection area and its anatomic location. If bleeding could not be controlled successfully and rapidly in clamping period, it would be more difficult to control bleeding during the same time. Intermittent vascular occlusion was performed with cycles of 15/5 min of clamp and unclamp times. Bleeding was often difficult to be controlled successfully before the end of 15-min clamping period. If bleeding control was performed under a hurried and flustered condition, it might cause inadvertent ligation of the major intrahepatic vessels, which was dangerous for cirrhotic patients because ischemic or congestive necrosis would occur in the remnant liver and might cause liver failure. In continuous hemihepatic vascular inflow occlusion, bleeding control could be accurately accomplished without hurry because the 60-min clamping period was long enough. The ischemic time in the Pringle group was significantly longer in our study. Ischemic-reperfusion injury could lead to postoperative morbidity. Less ischemic-reperfusion injury and blood loss caused patients in the half-Pringle group to have a significant better recovery, which was reflected by the difference of postoperative serum albumin and CRP between the two groups. Although no significant differences were observed in postoperative ALT and AST levels, the half-Pringle group was associated with significantly higher albumin levels on postoperative days 1, 3, and 7. CRP is the acute phase reactant mainly induced by IL-6 during tissue injury [25, 26] . According to our research, the inflammatory markers were less in the group undergoing half-Pringle group in comparison to that in the Pringle group, which demonstrated less surgical trauma in the halfPringle group. Many centers have begun to explore the feasibility and safety of laparoscopic liver resection for both benign and malignant liver diseases [27] . However, this special technique has been published without RCTs and the existing data have not been systematically reviewed; the role of laparoscopic major liver resection remains unclear. Conventional open procedure still had vantages compared with laparoscopic procedure, such as surgical field, bleeding control and unnecessary damage [28] .
In conclusion, even in poorly accessible segment 7, there are some limitations and particularities in the selection of laparoscopic surgery, but patients who were consistent with inclusion criteria were randomized. Laparoscopic liver resection could be performed safely and effectively in experienced hands, with successful exposure of surgical field and proper hepatic blood flow occlusion. Continuous half-Pringle maneuver offers the advantages of less operative time and blood loss, less injury, and better recovery compared to intermittent Pringle maneuver. 
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